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Overview

TS fixperiments:
+ Current and future (near- and |ong—-term)

® Pl’lgsics Potential of LS detectors

° Exl:)erimental technique&

+ The future of LS detectors



Current / Near-term

Organic—-—Scinti”ator Experiments

ES detection of v, KamlL AND
High light yield
= low E threshold

Borexino
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Future / ProPosecl

Organic~5cinti”ator Experiments
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Future / Pro[:)osccl

Organic~5cinti”ator Experiments

Daga Bag []

Muon detector

inless Steel tank : ®37.5
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/ {\ | Steel Tank
f 20kt LS | L Water seal
gl ,’ —— 20kt water

Acrylic tank: ®34.5m // 6kt MO
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~15000 20” PMTs
coverage: ~80%

———1500 20” VETO PMTs

20kT
~80% coverage
5% resn:
A2 O0 Pe/ MeV
Mass hierarchg
Precision mixing

bparameter measts

Supemova

neutrinos
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lnorganic | S Detectors

> Transparent to its own scintillation Iiglﬁt

- High |ight gielcl (LAr ~ 40k Y /MeV) = lowt/hs

* E‘nergg dc—:P Procluces singlet 7 triplet diatomic molecules
with different decag times
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~ Triplet state higlnlg
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lnorganic | S Detectors

. Simple clesign

JL - \C/Zustsecrl MiﬂiCLiAN
34 & DEAP-3600

. Easilg scalable

0 (Relatively)

i nexpensive

CLEAN (40-140T)

Inner_~
Vessel F

Veto PMTS/,

. o Direct dark matter detection




Features of LS Detectors

+ High light yield (10,000 ys / MeV)
m | Ow energy threshold

= Good energy resolution (rel to water
Cherenkov)

= lml:)rovecl P]ﬂgsics reach

. Particle~dependent Aecag time: &~ separation

* lsotropic Iiglﬁt (no directional info)



Phgsics reach of LS Detectors

I. Neutrinoless DBD

2. Neutrino mass hierarchg
B Solar neutrinos

4. Geoneutrinos

% Supernova neutrinos

6. Dark matter

7 otonDecd Yy



1. Neutrinoless DBD

KL-Zen limit
* T>19x10% yr

EXO-200 limit
T>1.6x10"yr

¢ CUORE projection
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Arbitrary unit
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2. Neutrino Mass Hierarchg

------- Non oscillarion
—— 0, _ oscillation

——— Normal hierarchy
Inverted hierarchy

v L=60Kkm
. sin?26,;=0.1
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Fourier analysis of observecl
sl:)ectrum can resolve thé

true mass hierarchg

Survival Probability of
electron antineutrinos
depencls on mass hierarchg:
P,.(L/E) =1— Py — P53, — P3,

P,, = cos*(64)sin?(26,,)sin?(A,,)

P3; = cos%(61,)sin*(2603)sin*(A3)
P37 - Sin2(0|2)sin2(29]3)Sin2(A32),
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| MH at Daga Bay |
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Bahcall-Serenelli 2005

Neutrino Spectrum (+10)
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What is Left?

X Dag/Night asymmetry

o Needs statistics

. NS
X Ultra-low threshold detection ™™™ ot Sy
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% CC detection of solar neutrinos

*® Precision 5Pectra| measurement
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Number of anti-neutrinos per MeV per parent

4. Geoneutrinos: To Date

Electron antineutrinos from U, Th, K decag in the Earth

A5589 the entire Earth 139 Iooking at

10’5 , . 238
/,‘/\_'/\"1“!’ - T the “antineutrino glow”
1005" "/'_\,;_\\“\f-j \lnverse B decag
[ ._\‘: threshold | Fyndamental info on terrestrial
| E
| £ y g
10"} i _— _ raclaogemc heatmg
i { Important implications for the origjn
ol | PP U RS PR PRSP L
T e iy and thermal historg of the Earth
E KamLAND KamLAND: 40.0 +10.5 +11.5 TNU
E o Borexino: 64 +25+ 2 TNU



4 Geoneutrinos: Future

| ow reactor bkg at SNO+
Rate: expect "20 events 7 yr
(*20% mantle contribution)
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Cha”enging to get ”sgstematics
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SNQ

=8 Supernova Neutrinos
Current generation (SNO+)

Vx+ € —Vx+ €° 14 /15
o % 494 / 318 |
Vil Pedil A careful clesign of
Vet “C—"N+ e g e calibration hardware and
E+ 12C—12B+ et 6/3 operationa| Proceclurcs
|vxt+ 2°C—"12C*(15.11Mev)+ Vx| 47 /14 should allow a  semi-

V_e+ D—n+ 2 194 /121 automated response In

- M, Schumaker, using Beacom & Vogel / Burrows models

the Iong PRl

Tale supernova it lOch




9. Supemova Neutrinos

Next generatlon Daga I‘Sag ]

Vx+ € —Vx+ € singles

Vx+ P—Vx+ P singles

Vet PC—12N+ e 10-100

Vet 1°C—1°B+ e* 10-100
| x+ 12C—12C*(15.11MeV)+ Vx 600
- Ve+ p—N+ €* 3000

Courtesg orY. Wang
Assume 1Ol<Pc, X107 erg

Correlated
events,
not seen bg

Cherenkov

cletecto rs



6. Dark Matter

. Direct detection with inorganic | S detectors

- - 2. Indirect detection e Nas ) \\ . 1
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annihilation / clecag
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WIMP Mass (GeV/c?)



£ -Fraon Decag

* Large—-scale next-generation detectors:
lots of Protons!
S con? K+ v
o Current best limit: T> 2.8 x 107 yr (90% CL) from
SuperK (6.5-MeV Y tags p clecag inside O nucle?)

o | Sdetectorcan clirectlg detect the K~
(& the Y from its clecag)

* 10yrs datain LENA = T> 4 x 105493* (90% CL)



Experimental Techniques

or “How to Scale Up?”

& |ncrease Photocathode coverage

SR RNEIGEE |ight concentrators
o APRPD (Large Area PS Photo Detector)

® |ncrease Iight Hielcl

o Reduce attenuation

o Additive e.g. quantum dots (*)
* Increase information

* DlFCCthﬂalltg From Cherenkov coml:)onent

() Next Generat1on L1qu1d Scmtlllator Based Detectors Quantums Dots and Plcosecond Timing” L. Windlow



Water-Based LS Target

Dissolution of LS into ultra—-—loure water

¢ High light Hielcl of LS
m | Ow energy threshold

= Good energy resolution

% Directional info from Cherenkov in H,O

% Long attenuation of water

% Increased metal |oacling (hgc:lrophilic jons)

M. Yeh et al., BNL
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